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ABSTRACT
This thesis describes studies on the nickel com- 
plexesrin gilsonite from the Uinta Basin in Utah. These 
complexes include nickel porphyrins and, at least, two 
other types.
Nickel and copper analyses and analytical procedures 
are described as well as competitive metallation experi­
ments using nickel and copper acetylacetonates on the 
porphyrins derived from gilsonite. Copper acetylacetonate 
is more reactive than nickel acetylacetonate towards 
gilsonite porphyrin in benzene solution at reflux. At 
equal concentration copper acetylacetonate reacts about 
7 times more rapidly than does nickel acetylacetonate.
The variation of relative reactivity with metal acetyl- 
acetona-te concentrations indicates that reaction mechanisms 
in these two cases are different.
Attempts to metallate gilsonite in order to investi­
gate the nature of the other complex types were unsuccessful. 
Far too much nickel remained in the gilsonite than could 
be accounted for on the basis of complexation.
Experiments designed to detect inorganic nickel, 
possibly nickel sulfide were not wholly successful, 
although they indicated that little or no nickel sulfide 
was present.
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Gilsonite is a naturally occurring solid hydrocarbon 
having, in one case, the designation 'Ulntaite*. ( 5 ) The 
principal veins in this country are located in the Uinta 
Basin of eastern Utah and western Colorado.
Gilsonite is an asphaltic material* having a high resin 
content and very little sulfur. Resin is defined as an 
amorphous, organic, semi-solid or solid material produced by 
union (polymerization or condensation) of relatively simple 
compounds. ( 6 )
The precise origins of gilsonite are uncertain. The 
most generally accepted explanation is that gilsonite was 
formed from the partial decomposition of organic material 
in shale formations much in the same way as oil is formed. 
However, massive upheavals of shale squeezed this organic 
material upward into stress cracks formed in the overlying 
beds of sandstone. Today, these are the vertical fissures 
from which gilsonite is mined. During the intervening 
millions of years, the liquid organic material was changed 
into solid gilsonite. ( 9  )
As early as I8 6 5» Newberry had in his collection an 
*unusual variety of asphaltum*, a fragment of which he gave 
to. Wurtz for investigation and study. He concluded it to be
*Asphalt is a carbonaceous mixture, solid or semi-solid, 
resulting from metamorphosis often associated with mineral matter.
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a 'resionid* very similar to Grahamite, a name given by him 
to a solid asphaltic occurring in a dike-like vein in 
Bitchie County, West Virginia. ( 5 )
From later investigation, Blake concluded that Newberry's 
specimen was probably 'Uintahite1 (gilsonite). (3 )
In 1929» Abraham ( 1 ) subdivided naturally occurring 
carbonaceous material into bitumen and kerogens, The latter, 
a polymeric insoluble material will not be considered further 
in this thesis#
Bitumen is presently defined as that hydrocarbon 
fraction of sedimentary rock which is soluble in benzene, 
normal hexane or other organic solvent. This definition 
includes petroleums, native mineral waxes and asphaltic 
materials (Gilsonite)•
It is generally accepted that petroleum when once formed 
is gradually converted into other types of bitumen under 
the influence of time, heat, and pressure. This process of 
transformation is known as 'metamorphosis'. Several chemical 
processes are involved, e.g., oxidation, sulfurization, 
polymerization, and condensation. Some natural asphalts 
are derived through slow evaporation of lower boiling frac­
tions from the original petroleum, others represent conversion 
by heat and pressure; still others show evidence of slow 
oxidation. It is likely that a combination of these three 
processes occur simultaneously. Asphalt associated with tar 
sands apparently has undergone little change other than loss
T-1625
GOLDE^ c o ^ ° F̂ mEsof volatile fractions; whereas on the other hand, gilsonite 
appears to be a product of reaction and conversion rather 
than a product of evaporation. (1 )
Some of the physical properties of gilsonite are as 
follows* black color, brilliant luster, normally a homo­
genous texture and concoidal fracture. The melting point 
varies widely from about 250 to ^00 deg. F. and depends on 
the kind of gilsonite, e.g. Uinta gilsonite, Venezuelan 
gilsonite and others. Gilsonite is insoluble in water and 
soap has very little effect on it; however, it is soluble 
in organic solvents such as benzene, normal hexane, etc. 
Gilsonite has considerable plasticity while warm and is 
not sticky. After melting it retains its lustrous black 
and smooth surface. ( 6  )
The various gilsonite ores are used throughout the 
world in paints, inks, coloring for floor tile, storage 
battery cases, anti coatings and as ‘Gilsulate*, an 
insulating and waterproofing envelope widely used for 
buried piping. ( 5 )
The American Gilsonite Company, the first privately 
financed company in the United States to manufacture con­
ventional petroleum products from non-petroleum sources, 
has been producing coke from raw gilsonite and also, in 
a very complex catalytic reformer plant, refines the raw 
gilsonite into a premium motor gasoline. (9 )
In 193**» Treibs made the first report of porphyrins
T-1625
occurring in organic mineral deposits. (1 9 )
Porphyrins occur in petroleum and other carboneous 
mineral deposits, as complexes of nickel and vanadyl ions.
Such complexes are inordinately stable and frequently are 
found in moderate concentrations (10 to 50 ppm) in petroleum 
and often survive the refining process of the oil, (18) In 
1957* Howe and Williams (11) classified the types of complexes 
found in petroleum as follows*
Class 1* Nickel and vanadium porphyrins decomposed by 
strong concentrated acids.
Class 2* Non-porphyrin nickel and vanadium complexes
also decomposed by strong concentrated acids. 
Class 3* Nickel and vanadium complexes resistant to 
attack by strong concentrated acid.
A preliminary study of class 2 complexes by Dumke in 
1969 (15) showed that these complexes were present in gil­
sonite as well as in petroleum. Since gilsonite from the 
Uinta Basin contains only nickel complexes, this material 
Is more tractable for the initial investigation of the class 
2 and class 3 complexes than is petroleum.
There is a strong likelihood that the class 2 complexes 
may be nickel porphyrins suitably altered as to be incapable 
of removal from the asphaltic material. (15)
Since previous workers have had no success in extrac­
ting the class 2 compound from either petroleum or gilsonite 
(16), some insight into the nature of these compounds might
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be obtained by comparing their competitive metallation 
with nickel and copper to that of the class 1 compounds. 
First, of course, the metal must be removed from both these 
types of complexes by methane sulfonic acid treatment.
Bather than use the metal ion as Hobbs (10) had done, the 
metallation agents chosed were the metal acetylacetonates 
( 4-).
Transition metal complexes of acetylacetone (2, 4- 
Pentandione) are known to be soluble in benzene and have a 
covalent bond between acetylacetonate and the metal. In the 
case of nickel complex the molecules are trimeric. (see 
Figure) (12).
Suigahara (16) has had some success in metallation of 
porphyrins using metal acetylacetonate complexes which led 
the writer of this thesis to attempt the metallation of 
porphyrins and of gilsonite using metal acetylacetonate, 
however, the details of the method were developed indepen­
dently .
This work consists of an investigation of the class 2 
compounds in gilsonite obtained from the American Gilsonite 
Company, a quantitative determination of the nickel 
present in the form of organic complexes and also a 
study of metallation reaction in which nickel and copper 
ions compete with each other for the free porphyrin.
mmU'R LAKES LfBBART 
'TOLORADO SCHOOL OF MINES 
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Figure 1: frimeric structure of nickel
acetylacetonate (1 2 ),
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The main body of the experimental work discussed in this 
thesis was undertaken to prepare reagents, to perform analyses, 
to develop the required techniques for the analysis of gil­
sonite and metalloporphyrins singly and in mixtures, and 
to perform the competitive metallation experiments.
Reagents
Reagents which did not require laboratory preparation 
are listed in this section along with miscellaneous informa­
tion.
Solvents* Perchloric acid (reagent grade), nitric 
acid (reagent grade), sulfuric acid (reagent grade), 
Benzene (analytical grade), Petroleum ether (reagent 
grade), aqueous ammonia (reagent grade).
Dimethylglyoxime (DMGO)* This reagent was C.P. reagent, 
supplied by J.T. Baker Chemical Co.
Copper acetylacetonate; Copper acetylacetonate used 
was CoP. reagent supplied by K & K Lab Inc.
Nickel metal: Nickel metal used was C.P. reagent (99*5%)
obtained from Allied Chemical Corporation.
Phenol* This reagent was an analytical reagent produced 
by Mallinckrodt Chemical Co.
Special Chemical
Gilsonite* Gilsonite donated by the American Gilsonite
T-1.625 8
Company from a single vein in the Uinta Basin, probably the 
Bonanza vein.
Determination of Nickel: The purpose of these determinations
was to find the nickel concentrations in gilsonite and in 
standard reagents prepared for use in the me t alia t Ton- 
reaction described further.
The determination of nickel, developed by other workers 
(2), utilizes dimethylglyoxime (DMGO) and is carried out 
as follows:
Dissolve 0,5290 g. of high purity nickel (containing 
99»5% nickel) in 15 ml of hot HNO^ (1:1). Add 15' ml of 'HCIO^
and evaporate to fumes; cool, add 50 ml of water, and digest
until the salts are dissolved. Cool, dilute to 1 1., transfer 
25 ml of the nickel solution to a 1-liter volumetric flask, 
add 5 ml of HCIO^, dilute to volume and mix. From the 
resulting solution transfer 5 » 1 0 , 1 5, 20 and 25 ml to 50-ml 
flasks and the following reagents are added in order: 5 ml 
of ammonium citrate (5^0 g/lit), 5 ml of I^-KI reagent 
(2.6 g I2 and 8.0 g KI in 1000 ml water) and mix,. Prepare1;* 
a duplicate at each level of nickel.
Add 10 ml of NH'2 (1:1) to one set to be used as
reference solution and i0 ml dimethyglyoxime solution- (one g 
dimethylglyoxime in 1 1 . of 1:1 NH^ solution)to the other
T-1625 9
absorbance at 5^0 nM against a water blank.
The mg/ml of nickel is read from standard curve (-see 
Figure 1 which is constructed from these data),
As a check on the validity of the above standard curve, 
0 .2 0 0 g of nickel acetylacetonate was decomposed and diluted






Determination of Coppers The purpose of these determinations 
was to find copper concentration in different standard rea­
gents prepared for the use in the metallation reaction.
The determination was developed by other workers(17); 
the method utilized ’Atomic Absorption* and is carried out 
as follows;
Different standard solutions of copper nitrate, ob­
tained from Dr. Klusman, were measured in a Perkin-Elmer 
model 303 Atomic Absorption Spectrophotometer, and the 
measured absorption converted to absorbance, the mg/mi of 
copper was calculated and a concentration-absorbance curve 
for copper obtained. Since the instrument’s characteristics 
change with time, standard solutions and unknown solutions 
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Figure 2\ Standard curve and date for nickel determination.
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Preparations
Procedures used in preparation of various reagents are 
described below.
Wet-ash of Gilsonite: One gram of gilsonite was
weighed into a 600-ml beaker, 5 ml of conc. H^SO-^ and 10 ml 
conc. HNO^ were added and the resulting • salub'ion- -boidredr~unt 11 
heavy fumes of SO 3 appeared. The addition of conc. HNO^ in 
10 ml portions was continued until the solution became clear. 
The total volume of conc. HNO^ used was approximately ^0 ml. 
Identical quantities of sulfuric and nitric acids; were added 
to a second beaker for a blank. The resulting solutions were 
washed into 25-ml volumetric flasks and diluted to volume.
Ten ml of each of the above solutions was transferred: into 
a 50-ml volumetric flask and analyzed for nickel.
Nickel Acetylacetonate: 5*9 S of nickel carbonate was
mixed with 100 ml of acetylacetone (2 , k Pentandione) and 
refluxed for 2k hours. The crystals of nickel acetylacetonate 
were recrystallized using a mixture of benzene and petroleum, 
ether as solvent.
Wet-ash of Copper Porphyrin: A 100 ml solution: o.fi copper
porphyrin in benzene (peak height of 1 0.10ciri at 561 and 6.40cm 
at 522 nM) was evaporated to dryness; 1 ml of conc. and
2 ml of conc. H u n  were added and the resulting solution boned 
again until the heavy fumes of SO3 appeared, cooled, diluted
T-1625
concentration of 2 5 1.8/-^*moles/l#
Wet-ash of Inorganic Matter of Gilsonite: One gram of
gilsonite was weighed into a 600-ml beaker and sufficient 
benzene added to dissolve the solid (about 100 ml) and the 
solution was heated. The resulting solution was centrifuged 
and the small inorganic particles, mostly silica, at* the 
bottom of the vessel were transferred into a clean, dry 
400-ml beaker, washed twice with benzene; 5 ml of conc, 
and 10 ml of conc, HNO^ were added and the solution boiled 
until it became clear and heavy, white fumes of SO3 appeared. 
It was washed into a 25-ml volumetric flask and diluted to 
volume. From the above solution, 10 ml were transferred into 
a 50-ml volumetric flask and analyzed for nickel. The1 amount 
of nickel was less than 0 . indicating essentiallyo
no nickel in the inorganic residue.
Free Porphyrin Aggregate: Five grams of gilsonite was
mixed with 25 ml of methansulfonic acid In a mineral oil bath 
for one hour at a constant temperature of 80C°; 20 ml of water 
carefully added and filtered. The pink-colored solution of 
porphyrin was mixed with an equal volume of a; saturated solua- 
tion of sodium acetate in a separatory funnel and extracted 
with three 30 ml portions of benzene. The benzene solution was 
washed three times with water and dried over anhydrous sodium 
sulfate. The visible spectra of the product in benzene had 
peaxs &z dQo} and 0-.1 nM*
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—6flask 20 ml of a "benzene solution approximately 10" Mf in por­
phyrin aggregate:, 0 .5 M in nickel acetylacetonate and. .005 M 
in phenol were mixed and refluxed for 24 hours. The resulting 
solution was cooled, placed in separatory funnel and washed 
twice with 2N and three times with water, and dried over
anhydrous sodium sulfate. The visible spectra of the-solution 
had peaks at 551 and nM, consistent with nickel por­
phyrin.
Copper Porphyrin Aggregate: The same procedure as
above was used except that the-solution was 0 .0 5 M in copper 
acetylacetonate. The visible spectra of the solution had 
peaks at 561 and 522 nM, consistent with copper porphyrin.
Stability of Copper and Nickel Porphyrin in Sulfuric Acid
The purpose of this experiment was to find the relative 
stability of copper porphyrin to nickel porphyrin. The 
experiment was developed as follows:
A sample of the metalloporphyrin in benzene was shaken 
with an equal volume of aqueous sulfuric acid in a separatory 
funnel and the aqueous phase was discarded. The. benzene- 
phase, containing metalloporphyrin, was dried over anhydrous 
sodium sulfate and the spectra observed. The above experiment 
was done for different concentrations of sulfuric acid.. No 
decrease in concentration, of either nickel or copper por-
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Qualitative Analysis of porphyrins was accomplished, by 
inspection of the visible spectra of benzene solutions using 
benzene as reference. (Figure 3 )
The visible spectra of the porphyrins studied in this 
thesis, illustrate some generalities which may be applied 
to the spectra of all porphyrins and metalloporphyrins.
Every porphyrin exhibits a characteristic visible 
spectrum which may be identified by the number of peaks, the 
wavelength of each peak and the relative peak heights. Por­
phyrins exhibit four predominant peaks in the visible range, 
but if the porphyrin is complexed with a metal two of the four 
peaks disappear and the resultant visible spectrum is char­
acteristic of the complexed metal rather than the porphyrin 
nucleus•
The visible spectra were obtained on a Beckman DK-2a 
Spectrophotometer with the following settings*
Scan time: 2







Quantitative Analysis of Porphyrins
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Nickel porphyrin aggregate Copper porphyrin aggregate
Free porphyrin aggregate
Figure 3* Visible spectra of free porphyrin aggregate and 
nickel porphyrin aggregate and copper porphyrin 
aggregate•
Free porphyrin aggregates a mixture of porphyrins which 
has been obtained from a single crude oil or gilsonite sample. 
** The copper complex of a porphyrin aggregate.
* The nickel complex of a porphyrin aggregate.
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The basis for all quantitative porphyrin determinations 
in this thesis was the visible absorption spectrum. Calibra­
tion curves led to methods of quantitative analysis of 
metalloporphyrins, which methods in turn led to methods of 
quantitative analysis of mixtures of nickel, .and,. popper,, 
complexes of the same porphyrin.
The theory of quantitative analysis is based on Beer's
law, stated mathematically as:
-1AnM = iinM * b • c 
where AnM = absorbance at a specific wavelength, nM
iAnM = extinction coefficient for the same wavelength,
nM .in cm2 
y^’moles
b = path length through sample in cm.
c = concentrat ion in-Mmoles
cm^
The Dk-2a Spectrophotometer yields a plot of absorbance 
against wavelength in nM.
Visible Spectra: For this thesis it wasr necessary' tov
analyze benzene solutions containing nickel and copper 
complexes of the same porphyrin for both nickel and copper 
porpnyrino Che visible?spectra were found expediently by 
always using the same instrument settings and the same sample 
an! ref ere no-' :e uus < r thermo re i she acsor nessrhs
a. :o v e case.-.are, as shear; in -sgure a, was usea as a measure
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of the absorbance of the metalloporphyrins. These conditions
allow Beer*s law to be rewritten ass
HnM 
G = EnM* b
where HnM = height of absorbance above baseline in cm.
Because the path of the cell used in this work was
approximately 1 cm, the above relationship can be rewritten as*
.HnM 
G = EnM
The absorbance of a mixture of porphyrins is an additive 
property of the concentration and can be stated as follows*
The absorbance at a specific wavelength of a mixture of 
copper and nickel porphyrin is the sum of the absorbances.
For mixtures of nickel and copper porphyrins, the principle 
of additivity of absorbance can be expressed mathemat.lGa.lly 
as follows*
where H ^ x • =
HNi-PnM
HCu-PnM
mix. _ „Ni-P wCu-P
nM nM nM
Absorbance height of mixture solution at 
wavelength nM.
Absorbance height of solution due to nickel 
porphyrin aggregate.
Absorbance height of solution due to copper 
porphyrin aggregate.
Visible spectra of nickel porphyrin aggregate
Figure 4* Measurement of absorbance heights.
t w ®  tffiMS'i' 
aOLORADO SCHOOL OF MINES 
GOLDEN. COLORADO
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where, cNi = Concentration of nickel porphyrin aggregate
.molesin the mixture, — ■"
qCu -P _ concentration of copper porphyrin aggregate
in the mixture j-esml
EnM~^ = Extinction coefficient of nickel porphyrin 
aggregate at 1 nM' wavelength
EnM~? = Extinction coefficient of copper porphyrin 
aggregate at 1nM* wavelength 
The above relationship can be rewritten asj
H^ '  _ gNi-P . gCu-P (I)Ou-P nM nGu-P + ^nMC u
The resultant equation was verified experimentally by 
running the visible spectra of various mixtures of nickel 
and copper porphyrin aggregates whose metal porphyrin 
concentrations were known.
The result of these experiments are shown in Figure A 
and data table (1). The following values of EnM were 
determined: (slope = E ^ “E , intercept =
As a check on the validity of these equations, mixtures 
of known concentrations were prepared and the concentrations 
determined from the visible spectra were checked against 
the known concentrations. The results are given in tables (2,3).
T-1625 20
Table (1)








These results show that over a wide range of concentra­
tions, wavelength 551» 561, and 514 nM might be more reliable 
than 522 nM. They also show that the greatest concentration 
error results when the concentration of one metalloporphyrin 
aggregate is low compared with the concentration of the other. 
In fact, this conclusion is obvious by inspecting figure 5.
The procedure for analyzing a mixture of copper and 
nickel complexes of a porphyrin aggregate is as followss
The visible spectra of the benzene solution was recorded 
as previously outlined. A tangential baseline was drawn and 
the peak heights in cm (Hnjvj*s) were measured at 561 # 551,
522, and 514 nM. These peak heights were entered into the 
proper equations, from which the concentrations of nickel 
and copper porphyrin aggregates were calculated. These 











correlation = 0,999844 551 nM
tion
______________________ cN 1- P / 7c C u -P 9
Figure (5)* Calibration curves for 




Calibration Data, Observed Peak Heights for Nickel and Copper
Porphyrin Aggregates
Measured cone. Observed peak heights, cm
/Nl-P'yt'Eioles
lCu-P;, ml____________ H561 H551 H522 H514
0.324 7.86 10.95 5.30 5 .1 5
0.0236
0.278 7.55 1 0 .0 0 5 .2 0 4.75
0.o4 o45
0.194'
0 .0 70 8 0 7 .0 0 7.85 4.45 3.80
0.1111
0.1011 6.44 5.64 3 .7 5 2.75
0.0648
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milliliter.
Another way in which the ratio of height in any par­
ticular wavelength to the concentration of copper porphyrin 
can he calculated is to use the following equation:
/ Cu-P Ni-P Cu-P Ni-P Hx _ Hx (Ei • E2 " ^2 m E z )
“ — -- —  (II)
C KT1 P ^ 1 - P(H x . E g  “ H 2 . E x
Therefore, from equation (II). Hx (Hx = the peak height at
c
any particular wavelength, e.g. x =  1# 2, can be
Ni-Pcalculated and from calibration curves the ratio of G
qCu -P
will be obtained.
Data determined using equation (II) recorded in Table (4).
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Table (4)
Calculated Values of H56l from Equation II
Cu-P
_____________________________C_________________________________
Measured Calc. Calc. Calc.
values of H561 H'5'61 H561
H561 , rCu-P pCu-P pCu-P^ P  C C C
4 361 Percent 561 Percent 561 Percent
cm 551 Error 522 Error 51k Error
A' moles
3 3 3 .0 5 317.10 4.78$ 248.20 25.49$ 314.23 5.65$
1 5 9 .5 9 169.2 6.02$ 148.5 7$ 200.48 2 5.6$
9 8.8? 101.01 2.16$ 90.97 8$ 10 2 .0 7 3.23$
6 3 .6 9 62.65 1.63$ 48.64 23.6$ 60.18 5.51$
50.42 48.98 2.85$ 49.58 1.6$ 48.82 3.1$
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Competitive Reaction Experiments
The basic steps in a typical competitive reaction exper­
iment consisted ,of preparing a solution of known concentration 
in copper and nickel acetylacetonate, allowing the mixture 
to competitively react with porphyrin aggregate as the 
limiting reagents and analyzing the products „of reaction for 
concentration of copper and nickel porphyrin aggregates.
Specific quantities used in the competitive reaction 
experiments are given in Table (5)» a generalized procedure 
for the experiments is given below.
A known quantity of porphyrin aggregate in benzene was 
placed in a 200-ml round-bottomed flask. One ml of 0.1 M 
phenol solution was added, then about 15 nil of a solution 
containing known volumes of standard nickel and copper 
acetylacetonate reagents was added. The mixture was re- 
fluxed for 2k hours. The reaction mixture was washed into 
a separatory funnel with 2N and water, then shaken and
the aqueous phase discarded. The benzene phase, containing 
metalloporphyrin aggregates, was dried over anhydrous sodium 
sulfate and transferred into a 25-ml volumetric flask and 
diluted to volume. The visible spectrum of this solution 
was determined, and the ratio of nickel porphyrin aggregate 
concentration to the copper porphyrin aggregate concentration 
was calculated from the peak heights at $61 and 551 nM of
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A typical procedure for metallation of gilsonite is 
given below,
A known quantity of gilsonite was dissolved in suffi­
cient amount of benzene (usually 100 ml for 1 g of gilsonite). 
The solution was placed in a 200-ml round-bottomed flask and 
1 ml of 0.1 M phenol solution and sufficient amount of 
metalloacetylacetonate (nickel or copper acetylacetonate) 
in benzene added, refluxed for 2A hours. The reaction mixture 
was washed into a separatory funnel with 2N E2^0^ and water. 
Since washing the resultant mixture caused heavy emulsions, 
following attempts for breaking the emulsions were tried*
1. The separatory funnel containing the washed mixture 
and emulsions was placed into water-bath of 50 C°.
2. A saturated solution of sodium sulfate was added 
to the funnel and placed into the water-bath.
The washed solution was dried over anhydrous sodium sulfate 
and analyzed for nickel or copper.
The amount of copper or nickel was excessive, much 
greater than could be accounted for by metallation of the 
class 2 compounds, therefore it was concluded that the 
solution was not successfully washed.
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Table (5)
Competitive Reaction Data, Observed Peak Heights
Procedure #1 #2 #3 #4 #5 #6
//(•moles of Ni x 10* ̂ 10 10 10 50 100 100
//(•moles of Cu x 10*3 10 5 1 1 1 0 .5
/^(•moles of 10*3 45.3 
ml Phenol
45.3 4 5 .3 45.3 4 5 .3 45.3
Results
cm
h56l 2.95 3.35 3 .3 0 2.55 2 .2 5 1.80
cm
551 1.65 1.85 1.85 2.40 3 .1 0 2.80
Total volume, ml 25 25 25 25 25 25






As stated earlier, there are three types of nickel 
complexes in gilsonite:
Class 1: Nickel porphyrin decomposed by strong concen­
trated acid.
Class 2: Nickel complexes decomposed by strong concen­
trated acid but not extractable.
Class 3* Nickel complexes resistant to attack by 
strong concentrated acid.
The only distinguishing characteristic between class 1 
and class 2 that Howe and 'williams (11) noted was the .inabil­
ity to extract the class 2 compounds from either pe„tro.leum 
or gilsonite. Only class 1 compounds were extractable, 
either complexed with metal or free after demetallation with 
methanesulfonic acid. The evidence for' the existence of 
class 2 Compounds was the quantity of nickel extracted from 
the gilsonite during demetallation, a quantity greater 
than could be accounted for by the extracted clasa 1 com-- 
pounds.
There is a strong possibility that the class 2 compounds 
may be metalloporphyrins covalently bonded to the asphaltic 
material in gilsonite. The following arguments support 
the above statements
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intensity band in the ultraviolet near 400 nM, 
characteristic of both free and metalloporphyrins.
2. Class 2 compounds decompose by methanesulfonic 
acid at the same rate as class 1 compounds (15)9  
although these rate measurements are quite crude. 
Since methanesulfonic acid demetallates both class 1 
and class 2 compounds, perhaps metal can be reintroduced 
into the previously demetallated class 2 compounds using 
methods which successfully metallate class 1 compounds 
(which had previously been demetallated using methanesulfonic 
acid). Successful metallation of these porphyrin aggregates 
has been accomplished as described in the experimental part 
of this thesis.
If the class 2 compounds are similar in structure to 
the class 1 complexes, then their rate of metallation, 
particularly with different metals, should be comparable,
A more sensitive indicator of similarity or dissimilarity 
would be to allow the metal ions, nickel and copper in the 
form of their respective aeetylacetonates, to compete for a 
limited amount of porphyrin aggregate and for a limited 
amount of demetallated gilsonite. The nickel to copper 
product ratio compared to the nickel to copper reactant 
ratio is a measure of the relative reactivity of the two 
metal aeetylacetonates for both the porphyrin aggregate and 
demetallated gilsonite. The reactivity ratio of a particular 
substrate should be quite sensitive to any variation in
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structure of the porphyrins and the demetallated gilsonite.*
A similarity between the reactivity ratio as a function of 
reactant ratio for both porphyrins and demetallated gilsonite 
is strong evidence for the porphyrin nature of the class 2 
compounds•
Before competitive metallation could be tried, two pre­
liminary experiments were necessary. They are discussed below.
Copper and nickel porphyrin concentration was determined 
by measuring the peak heights of the largest peaks for 
nickel porphyrin (551 nM ) and copper porphyrin (561 nM ) in 
product mixtures after constructing a suitable calibration 
curve•
Howe (11) and Sugihara(l6) both have reported extinction 
coefficient for the 551 nM peak in nickel porphyrin aggre­
gate from gilsonite.
A literature search failed to produce a value for the 
extinction coefficient of any copper porphyrin. The author 
determined the extinction coefficients for copper porphyrin 
aggregate from gilsonite, using atomic absorbtion.
The data shown in table (6) give the values of observed 
peak heights for gilsonite copper porphyrin aggregate from 
which the extinction coefficients of copper porphyrin aggre-
*Methanesulfonic acid treatment of gilsonite removes 
nickel from both class 1 and class 2 compounds as well as 
removing the class 1 compounds themselves. The demetallated 
gilsonite should contain class 2 compounds without metal.
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gate are calculated.
In accord with Falk ( 7 ) the $61 nM peak is higher 
than the 522 nM peak, values of the extinction coefficient 
for copper porphyrin aggregate are comparable to that for the 
nickel porphyrin aggregate from gilsonite (1 3 ).
After metallation with the acetylacetonate complexes, 
the product solutions must be washed with sulfuric acid to 
decompose the considerable excess of metal acetylacetonate.
The nickel porphyrins are well known to withstand acid 
washing procedures, but there is evidence that the copper 
porphyrins are considerably less stable. Accordingly a 
few qualitative stability experiments were tried.
This experimental work showed that there was no change 
in peak heights at the specific wavelengths measured for 
either nickel or copper porphyrin aggregate after shaking 
with acid. It can be concluded that in concentrations of 
cold sulfuric acid from 0 .1 to 32 N, both nickel and copper 
porphyrin aggregate are stable and the metals can not be 
removed. Of course, by changing the condition of the reaction, 
e.g. using hot sulfuric or allowing a longer reaction time, 
the metals might be removed, but since the above experimental 
conditions reproduce the extraction procedures in this thesis, 
it was concluded that these complexes are stable to the work 
up procedures.
Copper and nickel acetylacetonate were allowed to 
compete for gilsonite porphyrin aggregate (class 1) at a
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Extinction Coefficient Values for Copper and Nickel 
Porphyrin Aggregates
Total amount of Copper in
100 ml of Cu-P solution, /\ .moles 2 5 .1 8
Observed peak heights, cm
Cu-P
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variety of copper metal to nickel metal ratios. These data
are described in Table (7) and graphed in figures (6 ) and (7).
The maximum percent error for the ratio of the nickel
porphyrin aggregate to the copper porphyrin aggregate, using
peak heights at 561 and 551 is estimated to be less than * 10$
(see data table ( 3 ) )•
Error limits of - 10$ in the measured ratios of" nickel
porphyrin to copper porphyrin are shown on the graph in
figures (6 ) and (7). In order that a linear relation between
the ratios Ni ( A A ) Cu (AA^ and Ni-P/ Cu-P be obeyed, the
true value of the Ni-P/Cu-P ratio would have to be 19«36
(five times more than the estimated error). Since this value
would result under conditions where measurement of' the ratio
is optimum, it appears unlikely that a linear relationship
is obeyed in this case.
A similar argument can be applied to the relationship
of log (Nl(AA-) .?V versus log ( )  except that in this caseCJu(AA) 2 cu-r
the value of log (Ni-P/ Cu-P) would have to be 1.28 (more' than 
twelve times the estimated error in product ratio).
Since the ratio of product (|^~"|) is a measure' of the’ 
relative rate of attack of nickel and copper aeetylacetonates 
upon the porphyrin nucleus, the different kinetic equations
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providing there is no pile up of an intermediate in either 
case, then the ratio of product is a constant for any 
given run.
|cu~pl = Constant - x x (PH2)b"d x (Phl)e_fiwi-.t-; kCu (Cuj
Assuming the mechanism of metallation is the *same for 
both, of these metals implies the order in metals and’ in 
porphyrin are the same and hence a = c, b = d, and e = f. Aplot 
therefore, of the reactant metal ratio versus the product 
metal ratio should be linear. As figure (6 ) definitely 
establishes, no such linearity is obtained. Therefore, 
there is a difference in the orders of the reaction, and. 
hence the metals must react with the porphyrin via* a dif­
ferent mechanism.
The next most reasonable assumption is that the 
reactions- differ only in the order in metal, but that 
b = d. In this case a linear relationship should exist
between log and log (N1 (AA)?) the slope of which
C u ( a a )  2
would be a - c, the difference between the. orders, in: nickel 
and in copper. Again no linear relationship was found'. See 
figure (7)« Hence, it must be assumed that this reaction
is more complex than appears on first inspection. These 
metal aeetylacetonates cannot react via the same mechanism. 
Cnly a mere detais • - analysis of the reaction kinetics 
can scive more elucidation. Chis was not an objective of
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Evidence gained from studies of occurrence of metallo- 
porphyrins, class 1 compounds, points out that their forma­
tion is not thermodynamically controlled (14), that is, the 
process by which they are formed is not an equilibrium 
process. Yet if the formations were kinetically controlled, 
because copper appears to react much faster than nickel, 
it would be expected that copper porphyrin should be found 
in more abundance than nickel porphyrin. However, there is 
no evidence of occurrence of copper porphyrin either in 
petroleum or gilsonite. This interesting apparent paradox 
can probably be explained by the assumption that copper 
porphyrin readily decomposes or perhaps copper does not 
exist in the areas that porphyrins can be found, or that 
copper exists as a complex which is incapable of reacting 
with the porphyrin nucleus. However, a detailed study on 
copper porphyrin would be necessary to answer the above 
question.
As already stated, the curve for the competitive metal­
lation experiment of class 1 compounds should be compared 
with one for the metallation of class 2 and. from the similar­
ity or dissimilarity of these curves valuable data as 
to the nature of class 2 compounds could be obtained. For 
this purpose, the metallation of demetallated gilsonite was 
tried. But the problems involved with heavy emulsions 
which resulted from washing the benzene solution with sul-
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Table (?)
Results of Competitive Metallations of Gilsonite Porphyrin 
with Mixed Nickel and Copper Acetylacetonate
Reactant Mixture 
/[.moles of Ni x 10*3  
A moles of Cu x 10+ 3 
/(.moles of PH2 x 10+3 
(Ni(AA) 2-)




il il il il il il
10 10 10 50 100 100
10 5 1 1 1 0 .5
4 5 .3 4 5 .3 4 5 .3 45.3 4 5 .3 4 5 .3
1 2 10 50 100 200
2 .9 5 3 .3 5 3 .3 0 2.55 2 .5 5 0
00•
1065 1 .8 5 1.85 2.40 3 .1 0 2.80
Solution volume, ml 25 25 25 25 25 25




Product Metal Ratio as a Function of Reactant 
Metal Ratios in Competitive Metallation.
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Figure (7)* Log Log Plot of Product Metal Ratio as a Function
of Reactant Metal Ratio in Competitive Metallation.
-1
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furic acid were too difficult to overcome and further 
attempts proved useless.
Since studies of class 2 compounds are still necessary 
for an: understanding of peterogenesis, future work on these 
compounds will continue. The information gained on the 
gilsonite studies are given below.
The total amount of nickel in gilsonite by wet ash 
procedures was found to be 3*80 micromoles per gram of gil­
sonite, This may vary somewhat from sample to sample but 
appears to be a reasonable average.
Using an average sample of 1,00 grams of gilsonite 
Dumke (20) found 3*40 micromoles of nickel for gilsonite from 
the Bonanza vein. The difference between his and this 
author *s results are within the normal variation of this 
material. Dumke further found that treatment of gilsonite 
with methane sulfonic acid removes 3* 30 micromoles of nickel 
but only 0,78 micromoles of mixed porphyrin. The difference 
between these values, 1 ,5 3 micromoles, represents the 
quantity of class 2 compounds.
One experiment was done on the nature of the class 3 
compounds. There is a possibility that this may be inor­
ganic nickel, in particular NiS.
In experiments designed to detect and measure nickel 
sulfide, benzene solutions of gilsonite were centrifuged 
and the residue, a brown silaceous solid, analyzed. Any 
nickel present was below the detection limits of the proce­
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dure and certainly insufficient to account for the quantity 
of class* 3 compounds. Therefore any nickel sulfide is 
either vanishingly small or in particulate size too small 
to be precipitated by the- centrifuge procedure. This latter 
must remain an attractive possibility.
The problems involved with investigations on class 2 and 
3 compounds, unfortunately, led the writer of this thesis 
to concentrate on the competitive metallation of class 1 
compounds for a better understanding of their nature. How­
ever, if any progress is to be made in our understanding of 
the class 2 compounds, they must be analyzed in situ. Two 
alternate approaches which may avoid the emulsion problems 
this investigator encountered should be tried. Attempts 
should be made to remove the metal acetylacetonate complexes 
directly rather than trying to decompose them with dilute 
acid. Solid-liquid chromatography or gel permeation 
chromatography might accomplish this. Secondly, reaction 
of the gilsonite in the solid state with the metal acetyl­
acetonate dissolved in a non solvent for the gilsonite might 
permit more efficient washing procedures. In any case this 
worker feels that the solution to the structure of the class 
2 compounds is of sufficient importance to petroleum geo­
chemistry that further efforts should be devoted to the 
introduction of metal ions into gilsonite.
Anomalous Metallation Product
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In some of the exploratory experiments on the preparation 
of copper porphyrin aggregate, a product -other than copper 
porphyrin was obtained. This product had a spectrum in 
which three visible peaks were observed at 5 6 1, 524, and 
491 nM. A comparison of the spectra of the anomalous 
product and of copper porphyrin aggregate is shown in figure 
(8).
The formation of this anomalous product was eliminated 
in the preparation of copper porphyrin aggregate by increas­
ing the concentration of copper acetylacetonate, from 0 .13  
to 0 .2 g.
The nature of the anomalous product is unknown. A 
possible explanation is that it might be a mixture of copper 
porphyrin aggregate and unreacted porphyrin aggregate, or 
a stable metallation Intermediate of the type detected by 
Fleischer and Wang ( 8 )•
ARTHUR LAKES LIBRAHT 
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Figure ( 8) t Visible spectra of Cu-P and anomalous product .
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GLOSSARY
The following symbols have been used extensively in this thesis 
1« PH2 = free porphyrin aggregate
2. Ni-P = Nickel porphyrin aggregate
3. Cu-P = Copper porphyrin aggregate
4. Ni(AA)£ = Nickel acetylacetonate 
5» Cu(AA)2 = Copper acetylacetonate 
6. nM = nanometer
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